We previously developed a standardized surgical method to replace the uterosacral-ligaments (USLs) in patients with genital prolapse. These cervicosacropexy (CESA) or vaginosacropexy (VASA) operations were effective in treating genital prolapse and urinary incontinence. In this study, we investigated the effects of these operations in combination with a transobturator tape 8/4 procedure (TOT 8/4) for the treatment of urgency urinary incontinence (UUI), overactive bladder (OAB), mixed urinary incontinence (MUI), and total incontinence (TI) in patients without symptomatic prolapse.
Introduction
There is a close association between genital prolapse and urinary incontinence (UI) [1] . It has been reported that after prolapse surgery a considerable number of patients were cured of their UI. However, it was observed that most patients became incontinent during long-term follow-up after sacrocolpopexy, sacrospinous fixation, and even after vaginal hysterectomy [2] [3] [4] .
On the basis of these clinical observations, we hypothesized that the standard prolapse operations could not prevent the subsequent development of UI.
All these prolapse operations are performed on levels I or II of the pelvic floor. On the basis of the theory of the anatomical and biomechanical principles of the pelvic floor, cardinal and uterosacral ligaments (USLs) are the most crucial structures of level I [5] . In level II the paracolpium attaches the vagina laterally to the pelvic walls mainly throughout the endopelvic fascia.
However, the aim of the prolapse surgery is anatomical repair; it removes the uterus, vaginal stump or bladder out of the vaginal cavity and does not prevent or treat UI [6] .
Sacrocolpopexy as well as sacrospinous fixation exert their suspending effect unilaterally by either fixating the middle or left side of the vagina. However, USLs are physiological holding structures that attach to the vagina laterally from both sides and not in the middle. From the lateral cervix, they extend bilaterally in a semicircular way along the lateral sides of the small pelvis [5] . Furthermore, sacrocolpopexy or sacrospinous fixation as well as other operations have not defined the minimum or maximum tension that must be achieved to maintain the bladder in its position. Therefore, we decided to consider these observations while developing our new operating procedure.
A crucial aspect in the development of these operations was that the diameters of the bony pelvis are nearly identical in different women [6] . Extensive investigations and MRI studies have revealed that these differences range from a few millimeters in women of different racial groups [7] . According to previous measurements, the vaginal length is also nearly identical in most patients (own data). Therefore, we hypothesized that the suspension of the vagina and uterus by the respective holding structures must be well-defined and nearly identical in every patient. the PVDF structure for fixation ("bridge") at the cervix (Dynamesh CESA, FEG Textiltechnik mbH, Aachen, Germany). The black arrows depict the parts of the PVDF structure for replacing the left and right uterosacral ligaments (USLs, 8.8 cm in length) in the small pelvis. Number 2 shows the parts of the PVDF structure for fixation at the prevertebral fascia of S1/S2 sacral vertebra on the left and right side of the small pelvis.
Therefore, we developed a procedure by which USLs were replaced in every patient with polyvinylidene fluoride (PVDF) structures of identical length [8] . These structures were sutured to the prevertebral fascial layer in front of S1/S2 sacral vertebra and at the origin of the USL at the cervix or at the edges of the vaginal vault [9, 10] . Because cervicosacropexy (CESA) or vaginosacropexy (VASA) are always identically performed in every patient, we classified these operations as "standardized" replacement of the USLs.
Although we expected a stable anatomical suspension, we were surprised that 70% of the patients with genital prolapse and UI were immediately continent after CESA or VASA [6] . Because this procedure was highly effective, several patients wanted to undergo these operations. During the initial phase of this study, we ascertained the concept of reestablishing continence through the bilateral suspension of level I of the pelvic floor [10, 11] . Furthermore, we offered an additional TOT level III repair as a second treatment option to those patients who remained incontinent. Level III is the distal part of the vagina where the vaginal wall is directly attached to the surrounding structures without an intervening paracolpium [5] .
In this study, we reported the outcome of 133 patients with different types of UI who were treated by CESA or VASA with or without using the TOT 8/4 technique between 2013 and 2015. Because these CESA and VASA operations were highly effective, we developed laparoscopic operations. In this manuscript, we have summarized the outcome of the patients who were operated upon the laparotomy technique.
Methods
In this retrospective observational study, patients diagnosed as having urgency urinary incontinence (UUI), overactive bladder syndrome (OAB wet), mixed urinary incontinence (MUI), and total incontinence (TI) were included. Patients with pure stress urinary incontinence (SUI) and lower urinary tract symptoms (LUTS) were excluded. Urinary incontinence (UI) were based on the subjective complaints and categorized according to the criteria of the International Continence Society (ICS) criteria [12] . Urodynamic studies were not mandatory.
Most of these patients had failed conservative (anticholinergic drugs) treatments. Pelvic organ prolapse (POP) measurements were recorded according to the POP-Q system described by Bump et al. [13] . Exclusion criteria were a previous history of prolapse surgery such as sacrospinous fixation, sacrocolpopexy, colposuspension, TOT/ TVT, and vaginal or abdominal mesh implantation. Every patient made a mature decision of giving informed consent before undergoing the surgical treatment. Every patient was informed that after CESA or VASA, an additional TOT 8/4 would be provided in the second surgery. However, this second operation could be avoided when the patients were already continent after CESA or VASA.
Main outcome measure
Main outcome measure was the urinary continence recorded 4 months after each type of surgery. Thus, urinary continence was defined as the total absence of any kind of UI symptoms. To be categorized as continent or cured, patients must have no UUI symptoms, normal voiding frequency, and no spontaneous loss of urine. Patients with TI were able to retain urine. In vaginosacropexy (VASA), the uterosacral ligaments (USLs) were replaced by the PVDF structures in bilateral order. The parts of the PVDF structure that replace the USLs (black arrows) had a length of 9.3 cm. They were sutured at the vaginal scar (black asterisk), placed below the peritoneal fold of the USL on the left and right small pelvis and sutured to the prevertebral fascia in front of S1/S2 sacral vertebra (S). B: Bladder; P: Pubic bone.
Cervicosacropexy and vaginosacropexy surgical techniques
CESA or VASA are open abdominal surgical treatments that were performed as described by Jager et al. [9, 10] . In brief, specially designed polyvinylidene fluoride (PVDF) structures (Dynamesh CESA, Dynamesh VASA, FEG Textiltechnik mbH, Aachen, Germany) were used to replace the USLs (Figure 1 ). The parts of the PVDF structure that replaced the USLs were placed in the peritoneal fold of the USLs on both sides (left and right small pelvis) and attached to the prevertebral fascial layer in front of the S1/S2 sacral vertebra by non-absorbable sutures (Figure 2 ) (www.cesa-vasa.com).
In patients with a uterus, CESA was performed. After supracervical hysterectomy, the PVDF structure (Dynamesh CESA, FEG Textiltechnik mbH, Aachen, Germany) was sutured at the cervical stump with 4 non-absorbable sutures. The parts of the PVDF structure that replaced the USLs were 8.8 cm in length and were pulled through the peritoneal fold of the USLs on both sides (left and right small pelvis) and attached to the prevertebral fascial layer in front of the S1/S2 sacral vertebra by non-absorbable sutures (Figure 2 ) [9] .
VASA was performed in patients who had undergone vaginal hysterectomy. The surgical procedure was nearly identical to CESA. The PVDF structure (Dynamesh VASA, FEG Textiltechnik mbH, Aachen, Germany) was attached at the vaginal stump with 4 nonabsorbable sutures. Two sutures each were horizontally placed below and above the running vaginal scar. The parts of the PVDF structure that replaced the USLs were 9.3 cm in length and were pulled through the peritoneal fold of the USL on both sides (left and right small pelvis) and attached to the prevertebral fascial layer in front of the S1/S2 sacral vertebra by non-absorbable sutures (Figure 2 ) [10] . 
Transobturator Tape 8/4 Surgical Technique
The TOT was placed following the procedure described by Delorme [14] . We modified the technique and named it TOT 8/4. Subsequently, a Hegar 8 dilator was placed in the urethra and another Hegar 4 dilator was placed suburethrally between the tape and the urethra. The surgeon held the Hegar dilators in a parallel position and the surgical assistant tightened the TOT until the tape could not be advanced anymore. Both Hegar dilators remained in a parallel position during vaginal epithelium suturing and were removed before the last stitch [15, 16] .
A TOT 8/4 was suggested as a treatment when the patients remained incontinent after CESA or VASA. Furthermore, on the basis of our previous experiences, the TOT 8/4 treatment was also suggested when the patients showed UUI symptoms [8] .
Postoperative management
All patients were requested to visit the outpatient clinic 2 weeks, 4 weeks, and 4 months after each type of surgery. Thereafter, patients were interviewed once a year after each type of surgical intervention.
Details of ethical approval
Ethical approval for CESA, VASA and TOT surgical procedures was obtained from the Local Ethics Commission of the Medical Faculty of the University of Cologne, Germany, in November 2011 (No. 11-016) and extended in March 2013 (ext. No 13-016).
Statistical Methods
Numeric data are presented as mean and median. Frequencies are given in percentages. Comparisons between different types of urinary incontinence were done by U Mann-Whitney test or Chi-square test. Continence rates are presented with 95% confidence interval (CI). Data were analyzed with SPSS version 22 or SAS 9.3 (SAS Institute Inc., Cary, NC, USA) at a significance level of 1%. 
Results
149 patients met the study criteria and gave informed consent. 16 patients that were lost during follow-up or did not want further treatment were excluded from the analyses. The retrospective analysis was conducted on patients who were operated between October 2013 and October 2015. The median observation time was 11 months (ranging between 6 and 36 months). The pertinent clinical data of the 133 patients that were evaluated did not significantly differ. However, patients with total incontinence (TI) were older than the others (Table 1) .
UUI (n=22)
OAB ( Before CESA and VASA operations all patients had POP-Q stage I of the apex. 22 patients (16.5%) had UUI and 9 patients (6.8%) had OAB (wet). 87 patients (65.4%) were diagnosed as having MUI and 15 patients (11.3%) were totally incontinent (TI). 57 patients were operated by CESA and 76 patients were treated by VASA. Major intraoperative complications such as major hemorrhages and bladder lesions were not observed. The operations lasted for mean 85 min (45-240 min). Mesh erosions or recurrence of prolapse were not observed within the follow-up period. One patient of the CESA group had elevated postvoid residuals 2 days after VASA and needed intermittent catheterization for 1 day. Two patients of the CESA group had urinary tract infection, which was resolved after administering oral antibiotics.
The continence rates after CESA or VASA varied according to the type of UI ( Table 3) .
The remaining 75 patients (including 15 patients with TI) received a TOT 8/4. One of the 3 incontinent patients of the OAB (wet) group and 3 of the 6 patients of the UUI group became continent, which led to an overall continence rates of 86.3% (CI [72-100%]) and 77.7% (CI [51-100%]) in the UUI and OAB (wet) groups, respectively (Figure 3) . However, this difference was not statistically significant (P>0.01) (Tables 2 and 3). 56 patients of the MUI group who remained incontinent after CESA or VASA and received a TOT 8/4. 35 patients (62.5%) became continent, thus leading to an overall cure rate of 75.9% (Figure 3) . Of the 15 patients of the TI group, 11 patients received a TOT 8/4; Citation: Ludwig S, Stumm M, Neumann E, Becker I, Jäger W (2016) Surgical Treatment of Urgency Urinary Incontinence, OAB (Wet) however, only one patient was cured thereafter. The overall cure rate for these patients was 33.2% ( Figure 4 ). The replacement of the USL by CESA or VASA resulted in the disappearance of SUI symptoms in 31 of the 87 patients with MUI (35.6%). The TOT 8/4 level III repair led to the disappearance of urgency incontinence symptoms in 30 of the remaining 55 patients with MUI (54.5%) and in 4 of the 9 patients with UUI and OAB (wet) who remained incontinent after CESA or VASA. Subsequently, the overall continence rates for patients who underwent the two-step surgical procedure (CESA or VASA with or without an additional TOT 8/4) were 75.9% for the CESA group (42 of the 54 patients were continent) and 62.0% for the VASA group (49 of the 79 patients were continent).
UUI (n=22) OAB (n=9) MUI (n=87) TI (n=15)

Conclusions
This study demonstrated that approximately 70% of the patients with UI were cured by surgically supporting the level I and level III of the pelvic floor. Since the early 1990s, researchers have hypothesized that UI depended on the anatomical defects in these levels; however, only the level III repair using suburethral tapes became a clinical standard [12] [13] [14] 17] . Level I surgical repair did not find its way into the clinical UI treatments.
In level I the uterosacral ligaments (USLs) are the most crucial structures [5] . Therefore, level I surgical repair should consist of a functional repair of the USLs. Barber and Amundsen published fixation techniques by suturing the vaginal vault to the remnants of the USLs [18, 19] . In order to compare the effects on urinary incontinence this technique had to be standardized. Therefore, we developed the CESA and VASA not only with an intention to repair prolapse but also to prevent or treat UI [6, 8, 19] .
In the crucial first step, we realized that the bony pelvis is identical in every woman. In the subsequent steps, we evaluated the accurate anatomical length of the USL as well as the suitable material for replacing and fixing the USLs on both sides [6, 20] . PVDF was chosen as material because of its limited tendency of shrinking and its biocompatibility [6, 21] . Finally, a common PVDF structure was developed, which could be used in every woman in the same identical technique.
The standardization of the CESA or VASA procedures in all patients facilitated in analyzing the causes of UI. When the patients remained incontinent after CESA or VASA, we perceived that these patients might have an additional defect in another level of the pelvic floor. Without the standardization of these procedures, we would have probably assumed that incorrect length of the tapes or incorrect anatomical placement and fixation led to UI.
The same principles were applied for the TOT. We resolved the main problem in level III repair, which is to define a standard distance between the urethra and suburethral tape, by developing the TOT 8/4 procedure [15] . However, when the patients remained incontinent even after an additional TOT 8/4, we assumed that these patients had an additional defect in level II ("three-levels defect").
After CESA or VASA, the urgency incontinence symptoms were cured in 22 of the 31 patients with UUI and OAB (wet), indicating that these symptoms were mainly due to a level I defect that could be cured by CESA or VASA. However, why 4 of the remaining 9 incontinent patients became continent after receiving TOT 8/4 could not be explained so far. Our detailed analysis of all measured parameters could not delineate the patients who needed more than a level I repair.
An overwhelming number of patients (65%) were diagnosed as having MUI. Our results indicated that these patients showed a nearly balanced problem in levels I and III because their continence rates were 36% after CESA or VASA alone and increased to 76% after receiving an additional TOT 8/4.
This conclusion has to be viewed with caution. In a preliminary study, we proposed that the patients with MUI should first be treated with a less stressful TOT 8/4 surgery. However, this study had to be discontinued after treating 10 patients with MUI because none of these became continent. This finding may indicate that a level III repair is only effective in patients with MUI if level I of the pelvic floor remained intact or was already repaired. Our experience in providing the surgical treatment for TI is limited to the 15 patients in this study, who were considered for a neobladder or continuous urine ablation system. However, these patients insisted on undergoing a trial procedure of CESA or VASA despite our lack of previous experience in providing TI treatments. We observed that 4 of these 15 patients became totally continent just by repairing the USL. The TOT 8/4 technique was helpful in one more patient. The remaining 10 patients did not improve and remained totally wet.
So far, we were unable to explain this observation. Our preliminary experience with an additional level II repair indicated that in most of these patients all 3 levels of the pelvic floor are involved.
Before conducting this study, we believed TOT would be a classical level III repair that would only cure SUI. However, we did not expect a level I repair by CESA or VASA would also cure SUI. Astonishingly, CESA or VASA cured SUI symptoms and we observed that TOT cured urgency incontinence symptoms. However, we were unable to explain the significance of these complementary effects on incontinence.
The findings of this study are consistent with previous assumptions and clinical experiences, which stated that UI is based on pelvic anatomical defects. On the basis of the previous surgical techniques for prolapse surgery, we developed new methods to restore physiological bladder suspension. These operations were extremely effective and were basically able to cure all kinds of UI.
Furthermore, we believed an additional level II defect persisted in those patients in whom the treatment was ineffective. With the standardization of level I and III repairs, future research is warranted to investigate about the level II repair.
